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:i,N-Diacthyl  cyclooctatotmcnylncthyiaaine  (II)  cuvi 
cyclooctatetraenylacetonitrile  (III)  have  been  prepared  by  displacement  reactions 
from  cyclooctatetraenylmethyl  bromide  (I).  The  nitrile  III  vas  converted  into 
an  isomer  (VIII  or  IX)  by  migration  of  one  of  the  nuclear  double  bonds  into 
conjugation  vith  the  nitrile  group  on  heating  with  trlethylomine,  or  on  treat- 
ment with  sodium  hydroxide  at  room  tcmperatiore.  Both  of  the  nitriles  were 
converted  to  amides  by  treatment  with  alkaline  hydrogen  peroxide. 


This  paper  reports  an  investigation  of  several  cyclooctatetraoae 

ft 

derivatives  prepared  from  cyclooctatetraenylmethyl  alcohol,  an  allyllc-type 

2 

alcohol  obtained  by  copolymerization  of  acetylene  with  propargyl  alcohol. 

(2)  A.  C.  Cope  and  D.  F.  Rugen,  This  Journal,  75,  5215  (1955). 

Attempts  to  prepare  the  p-toluoneculfonate  of  c^'clooctatetraen;/! 
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r;  tliyl  alcohol  wider  conditions  used  for  other  alcohols  in  the  cyclooctatetraene 
2,5 

Gcrleo  and  to  use  the  ester  as  an  intermediate  in  displacement  reoctlohs 


(5)  A.  C.  Cope  and  R.  M.  Pike,  ihid.,  75>  3220  (1953)- 


Gave  erratic  results,  pxxshably  because  of  side  reactions  betveen  the  reactive 

ollyllc-type  tosylate  and  the  base  (usually  pyridine)  employed  in  its  preparation. 

It  vas  possible  to  prepare  cyclooctatetraenylmethyl  bromide  from  the  alcohol  and 

phosx^orus  trlbromlde  in  hexane  in  the  presence  of  pyridine,  however,  and  the 

pure  bromide  I vas  isolated  by  distillation  in  yield.  Reaction  of  the  bromide 

with  dlmethylamine  in  benzene  yielded  N,N-dimethylcyeio”ctatetraenylmethylQmine 

(II,  4^^),  which  vas  chsracterlzed  as  the  crystalline  picrate  and  hydrochloride. 

Cyclooctatetraenylacetonltrile  (III)  also  vas  prepared  from  the  bromide  by 

reaction  with  potassium  cyanide  in  aqueoiis  tetrahydrofuran  in  the  presence  of 

potaoQlim  iodide.  The  nitrile  III  was  purified  and  is  •>lated  in  44^  yield  by 

conversion  into  a non-crystalline  silver  nitrate  complex,  followed  by  reeeneration 

with  ammonliim  hydroxide  and  chromatography  on  silica  gel.  Infrared  spectra  of 

the  bromide,  tertiary  amine  and  nitrile  (Pig.  1)  contain  the  bands  previously 

« 2 

noted  as  characteristic  of  monosubstituted  cyclooctatetraenes,  and  accordingly 
provide  evidence  suppozi^lng  the  structures  of  these  comi^ouivis.  In  addition,  the 
spectrum  of  the  nitrile  III  contains  a sharp  band  at  characteristic  of  the 

(unconjugated)  nitrile  group. 

m 

Reaction  of  cyclooctatetraenylacetonltrile  \flth  aqueous  sodium 
hydroxide  at  room  temperature  did  not  yield  the  carboxylic  acid,  but  resulted  in 
partial  isomerization  forming  a nitrile  with  an  Infrared  absorption  band  at 
4.48^  , indicating  that  the  nitrile  group  vae  conJU3ated.  Isomerization  of  the 
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nitrile  III  vuo  most  readily  accomplished  hy  heating  under  reflux  with  triethyla'^iine 

in  a nitrogen  atmosphere  for  seventy  hours,  at  vhich  time  the  nitrile  bani  of  III 

at  h.hjj,  had  disappeared  completely  and  the  pure  isomer  with  a nitrile  bani  at 

4,40^u.  vas  isolated  in  yield.  In  the  isomerixation,  migration  of  an  a- 

hydro:;en  occurs  and  a double  bond  shifts  from  the  c^’clooctatetraene  nucleus  of  III 

into  conjugation  with  tho  nitrile  group.  Formula  VIII  represents  the  structxnrc 

that  WDiild  be  formed  by  a three-carbon  tautomeric  shift,  while  the  cross- 

conjugated  structtire  IX  could  be  formed  by  a second  three-carbon  shift.  In 

addition  to  differences  betxrcen  the  infrared  spectra  of  the  isomeric  nitriles 

(Fig.  1),  the  conjugated  isomer  has  two  strong  maxima  at  Jl**’  end  242.5  vif*  in 

tho  ultraviolet  spectrum  (F1c,-t2),  while  cyclooctatetraenylacetonitrile,  like 
" 2 

other  cyclooctatetroene  derivatives,  sho^/s  weak  ultraviolet  absorption  becoming 
strong  near  250  ohm  • -?he~e.'ii3tence^f“-^Uo-toixii:'A- in- the'-ultravlolet' spectrum 
■pravluCS^BYldGnoa'favijring.lihe  cross -conjugated  structure  IX  for  the  nitrile. 

— R 

I,  R t»  CUgBr 
II,  R » CH2N(CH3)2 
m,  R » CHaCN 
IV,  R ■ CIIaCCWHa 
V,  R » CHaCIIeCK 
VI,  R • CHsCHaCORHe 
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SlQce  bases  lsoa3i*l2ed  the  nitrile  III  to  vm  or  DC,  an 

ft  2 

atteiqpt  was  made  uslxig  0«cyclooctatetraenylethyl  cyanide  (V)  as  a modal 
cotapound  to  riM  milder  eondltiooe  of  hydrolysis*  Reaction  of  7 vlth 
dilute  hydrogen  peroadde  in  acetone  cootalniiig  a small  eiaount  of  sodium 
cazbonato  yielded  the  crystalline  ealde^  p-cyclooetatetraenylproplonajnlde 

n 

(VZj  3^)#  vhlch  reacted  with  nitrous  acid  to  form  the  known  p-eyclooetatetreenyl- 
proploiuk:  acid  (VXI).  Under  these  ooaditlwa  cyelooctatetraeaylacetonltrlle 
vae  coovnrtel  to  eyclooetetetraenylaoetamlde  (17#  and  the  isomeric 

nitrile  (7XZZ  oar  S)  elso  yielded  the  eorrespondlng  amide  (X  or  XX)#  which 
VOS  rather  unstable  hut  could  be  isolated  as  a crystolllna  sol''^.  The  ultra- 
violet speotrum  of  cyoloSetetetraenylacetamlde  is  very  BlmHar  to  thu 

w w 

spectrum  of  eyelooetetetraenylaeetonltrlle  and  Indicates  that  the  cyelooctate* 

traexw  xmcleus  la  present  In  the  amide  (formula  Z7)*  The  epectrum  of  the 

isonterie  amide  (X  or  S)#  like  the  corresponding  nitrile#  contains  two  maxima 

(at  243  and  314  m>A).  The  ultraviolet  sj^ctra  do  zut  rule  out  bridged  structures 

(XII  and  XIZZ)  for  the  conjugated  nitrile  and  amide#  since  l#3#3-<yclo- 

oetatriena  and  the  bridged  Isomer  Into  which  It  Is  partially  converted  on 

heating#  bleyelo  (4*2.01  octa-2#4«dleno#  have  very  similar  ultraviolet 
4 

absozptlan  spectra* 


(4)  A*  C*  CooB,  A.  0.  Raven#  JT*,  F*  L*  Ramp  and  E.  R.  TrumbtsU# 
Ibid*,  74#  4867  (1952)* 


aCHX 


CN 

XIII,  X = CONH2  ^ 

nrellmlnazy  ottempta  to  convert  eyclooctatetracnylacotamlde  to 

cyclccctatetraenylacetie  acid  with  nitrous  acid  under  the  conditions  used  for  con* 
version  of  71  to  7U;  were  unsuccessful,  for  the  product  failed  to  crystallize 
Mvi  VOS  converted  to  neutral,  polymeric  material  on  attempted  short  path  dis- 
tillation under  reduced  pressure* 
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Fhormocological 


We  are  iodcbtcd  to  Or.  Karl  H.  Beyer  and  I!r.  C.  A.  Roes 
of  the  Sharp  and  Oohmo  Dlvieion,  Merch  and  Co.,  Inc.,  for  preliminary  pharma- 
cological study  of  the  hydrochloride  of  the  amine  U and  of  N,  N -dimethyl -p- 
cyclooctatetrc^ny'lethyloinlne  (V,  ref.  2)  and  5^yclooctatetraenyl-n-'butylamine 
(VI,  ref.  5).  Each  compound  woo  Injected  In  the  femoral  vein  of  a dog  under 
barbiturate  anesthesia  vlth  both  vagus  nerves  severed  at  the  cervical  level, 
anl  carotid  blood  pressure,  respiration  and  heart  rate  were  recorded,  and 

eloctrocariiograias  were  token.  All  three  conixsunds  produced  veak  vasopressor 

but  had 

:.'c:;ponsG3  of  moderate  duratlon»yA.ess  than  one -thousandth  of  the  vasopressor  activity 
of  epineplirine . The  phenyl  analogs  of  two  of  the  amines  (H,H-dlmethylbcnsyla-iluo 
ojil  IJ,K-diuothyl-p-phGnylethylanlne)  also  were  tested  as  the  hydrochlorides, 
and  caoli  pa-oducod  a larger  vasopressor  reepwnoo  than  the  corresponding  cyclo- 
ootatc  traone  dcrivat ive . 

5 

Exporlnontal 


(5)  Molting  points  are  corrected  and  boiling  points  are  uncorrcctcd. 

Wo  are  indebted  to  Dr.  S,  M.  Kugy  and  his  anooclatos  for  anolyrcr., 
for  the  infrared  spectra,  which  woro  determined  with  a Baird 
Double  Beam  Infrared  Recording  Spectrometer,  Ilodel  D,  fitted  -vr.lth 
a sodium  chloride  pidsm,  and  for  the  ultraviolet  ST>ectra,  vbich 
wore  determined  with  a Cary  Ultraviolet  Recording  Spectrophoto , :2tcr. 
Model  11  M3. 


Cyclooctatetroenylmethyl  Bromide  (I).  - Cyclooc!  rtetiMO'iyd.v 

r Ico'iol  was  prepared  by  copolymerization  of  proi>argyl  alcohol  and  acetylene  roil 

2 

I 1 'iiicd  by  chroaatograpjhy  on  silica  gel  by  procedures  described  previously. 
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..>1  '.tion  of  0.9:5  G*  phosphorao  tribroaidc  In  15  rol.  of  dry  hc;^yic  vaa  nddad 
il  ;n_  -ico  ^rith  stirrins  to  a mixturo  of  1.34  G»  cyclooctatetraenylrothyl 
alcohol,  0.27  S*  of  pyridine  and  10  ml,  of  dry  hexane  in  an  atr.ocphcre  of  nitroGcn 
at  0*.  After  the  addition  vao  complete,  the  ice  bath  vao  removed,  and  the 
r’lxturo  -imo  Btlrred  for  6 hoxirs  at  room  tcnperature.  Tlve  hc^mlno  colution  v.aio 
removed  by  decantation,  vashed  twice  with  25-ol,  portions  of  water,  and  dried 
over  sodium  sulfate.  After  filtration  and  concentration,  distillation  of  the 
rooiiuo  through  a senlmlcro  column  yielded  1.26  g.  (65?S)  of  I,  b.p.  75-77«5*  (1*6  cri.), 
1.5849-1.5574.  A redlatlUed  analytical  sample  had  b.p.  73*  (1.6  nn.), 

1.5893,  1.3634. 

Anal.  Calcd.  for  CoHaBr:  C,  54.88;  H,  4.60;  Br,  40.57. 

Found:  C,  55*03;  H,  4.73j  Br,  40.31. 

n 

H,H*4)lnathyl  CyclooGtatetracnylmethylg’nino  (II).  - A solution 

of  2.43  g.  of  the  bromide  I in  30  ml.  of  benzene  was  saturated  with  gaseous 

dimethylanlne  and  allcrred  to  stand  overnight  at  room  ten5>erat\ire.  Water  (20  ml.) 

was  added,  and  the  benzene  was  vashed  with  a second  20-ml.  portion  of  water  and 

concentrated  under  reduced  preasxire  at  room  temperature.  Dry  hydrogen  chloride 

was  passed  thx'ou^  the  resulting  dry  solution  of  U in  a 8m^xll  volume  of  benzene, 

and  the  precipitate  of  the  hydrochloride  was  separated  by  filtration.  Be- 

crystallization  from  a mixture  of  methanol  and  ether  yielded  1.45  g.  of  the 

hydrochloride  of  II,  m.p.  209-210.2*.  The  hydrochloride  was  added  to  I5  al.  of 

10^  sodium  hydroxide  and  the  amine  II  vas  extracted  Mth  two  20-ml.  portions  of 

other.  The  extracts  were  diluted  with  benzene,  concentrated  under  reduced 

pressure,  and  the  residue  was  fractionated  through  a semlmlcro  column.  The 

25 

yield  of  II  was  O.65  g.  (43^6),  b.p.  34-35*  (0.1  mm.),  n^  1. 5216 -1.5222.  An 

25  25 

analytical  sample  had  b.p.  35*  (O.l  mm.),  1.5222,  dj^  O.9169. 
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Aml.  Calcd.  for  CuHisM:  C,  E,  9.3B;  N,  8.68. 

Pound!  C,  fS.2kj  H,  9.3l^^  H,  8.77. 

H,M-Dlnethyl  Cyclooctatetraepylmethylaialne  Plcrate  vas  prepared 
liy  adding  0.09  g.  of  the  amine  H to  a saturated  solution  of  picric  acid  in 
ether,  iad  vas  vashed  with  ether;  the  yield  was  0.06  g.,  m.p,  145.7-1^. 2* 
(caplUery  inserted  at  130*). 

Anal.  Calcd.  for  Ci7lli8i*407:  C,  52.51;  H,  4.65;  N,  llj.35. 

Pound:  C,  52.02;  H,  4.87;  H,  14.52. 

N,H -Dimethyl  Cyclooetatetracnylnethylamine  Hydrochloride  was 
prepared  hy  passing  dry  hydrogen  cliloride  througii  a solution  of  0.6o  g.  of  II 
in  dry  ether.  The  precipitate  was  treated  with  activated  charcoal  in  a mixture 
of  methanol  and  ether  and  crystallized  from  that  solvent;  yield  0.4l  g.^n.p. 
209-209.5*  (dec.,  capillaiy  inserted  at  195“)* 

Anal.  Calcd.  for  CnHioClU:  C,  66.02;  H,  8.l6;  H,  7.09. 

Fo-md:  C,  6?. 12;  H,  8.21;  K,  7.09. 

Cyclooctatetreenylacetonitrlle  ( III ) . - A solution  of  ^.k2  g. 
of  potassium  cyanide  and  1.5  G.  of  potassium  iodide  in  20  ml.  of  water  was 
added  to  a solution  of  6.76  g.  of  the  bromide  I in  50  ml.  of  tetrahydrofuran, 
and  the  mixture  was  heated  under  reflux  on  a steam  bath  for  6 hours.  The  cooled 
solution  was  poured  into  40  ml.  of  water,  and  then  extracted,  with  two  50-ml. 
portions  of  ether.  The  extracts  were  washed  with  two  25 -ml.  portions  of  water, 
dried  over  eodltxm  sulfate,  and  concentrated  xinder  reduced  pressure.  Fractiozxi- 
tlon  tbrou£^  a semimicro  column  yielded  5.34-  g.  of  the  crude  nitrile  III,  h.p. 
53-90*  (0.06  mn. ).  A solution  of  the  crude  nitrile  in  150  ml.  of  absolute 
ethanol  was  heated  to  boiling,  20.4  g.  of  powdered  silver  nitrate  was  added,  and 
the  mixture  was  heated  under  reflux  until  a clear  solution  was  obtained.  The 
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L.  silver  nitrate  vao  separate!  "by  filtcrlns  tlio  hot  colutioA,  aril  the 

filtrate  vao  cooled  in  on  ice  bath.  Tlio  solvent  imo  decanted  fron  the 
yallovioh  green  solid  that  coi>arated,  arid  the  solid  residue  was  dissolved  in 
20  ;al.  of  %rater.  The  solution  woo  added  to  100  ml.  of  ice-cold  concentrated 
euuonium  hydroxide ^ which  was  extracted  Immediately  with  two  ^0-ml.  portions 
of  ether.  The  coobined  extracts  were  washed  \flth  water^  dried  over  sodium 
sulfate,  end  concentrated  under  reduced  pressxire,  yielding  2.6  g.  of  a light- 
ycllov  liquid  £ealdud«  This  residue  was  chromatographed  on  a 13  x 2-cm. 

a ^ 

column  of  silica  gel,  and  the  nitrile  III  was  eluted  with  200  ml.  of  a 10^ 
solution  of  ether  In  pentane.  Concentration  and  fractionation  of  the  residue 
throu^  a Bcmlnlero  colvmm  yielded  2.16  g.  of  HZ,  b.p.  78>79* 

(0.10  mm.),  1.343W.3^2.  An  analytical  sample  had  b.p.  79*  (0.10  mm.), 

1.5»A2,  dj^  1,0167. 

Anal.  Calcd,  for  CioHoHs  C,  85.88;  H,  6.5^;  H,  9.7S. 

Found:  C,  85.64;  H,  6.16;  N,  9.84. 

Cyclooctatetrcenyiacctamlde  (IV) . - The  nitrile  III  (0,50  g. ) 
was  added  to  3 ml.  of  10^  hydrogen  peroxide,  and  acetone  was  added  until  a 

honogenooue  solution  was  obtained,  followed  by  0,5  lol,  of  10^  sodium  carbonate 

6 

solution.  The  solution  was  allowed  to  stand  at  roam  temperature  for  5 

(6)  Conditions  adapted  from  a procedure  described  by  J,  V.  M'orray  and 
J.  D.  Clo3&e,  This  Journal,  58,  2749  (1934). 

days,  after  Which  the  acetone  was  removed  with  a stream  of  air  end  the  aqueous 
suspenoion  was  cooled  in  an  ice  bath.  The  pale  yellow  crystals  of  IV  that 
Ecpojated  were  recrystallized  from  a taixtvire  of  benzene  and  ^0~6o"‘  petroleum 
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cbhci-,  yioldina  0.2;  g.  (7’^i)  of  IV>  n.p.  I38. 6-159.2".  An  ar^ayticcl  c 
tlant  va.3  rccrj-itallisod  and  aublituod  at  O.O3  cm.  with  a hcatinj  block  to- 
turn  of  120-140"  had  n.p.  138.4-139". 


..nlo 


ra.- 


Anal.  Calcd.  for  CioHnNO:  C,  74.50;  U>  6.83;  n,  8.69. 

Found:  C,  74.79;  H,  7.14;  N,  8.74. 

II 

Attempts  to  convert  the  omide  IV  to  cyclooctatctraenylacctlc 
acid  by  treatment  with  sodium  nitrite  and  hydrochloric  acid  under  conditions 
described  belov  for  conversion  of  the  next  higher  homolog  VI  Into  the  acid  VII 
vere  unsuccessful.  Tnc  crude  product  vos  a viscous  liquid  vhlch  failed  to 
crystnlllge  end  formed  a dork|  neutral,  non-volatile  solid  on  attempted 
short  path  distillation,  apparently  by  decarboxylation  and  ijolymerlzation. 

g-CyclooctatetraonylpropiongLTiide  (VI)*  - p -Cyclooct at e traenyl - 

o 

ethyl  cyanide  (O.3O  g.)  vas  treated  vith  alkaline  hydrogen  peroxide  in 
aqueous  acetone  for  4 days  under  the  conditions  described  above  for  conversion 
of  in  to  IV.  The  product  vas  isolated  in  the  same  manner  as  IV,  and  pxirifled 
•by  sublimation  at  1.5  mm.  with  a heating  block  tenpe-x-ature  of  110".  The  yield 
of  VI  was  0.12  g.  (36^),  m.p.  61.8-65".  An  analytical  sample  with  the  sauve 
melting  i>olnt  was  recrystallized  from  a mixture  of  benzene  oiid  pentane. 


Anal.  Calcd.  for  C1.1H13IJO:  C,  75.40;  H,  7.48;  N,  8.00. 

Found:-  C,  75.52;  H,  7.49;  N,  7-77. 

P-Cyclooctatctraanylpi'oplonlc  Acid  (VII)  ^ras  preparc-d  by  adding 
1 drop  of  concentrated  hydrochloric  acid  to  a solution  of  56.8  mg.  of  the 
amide  VI  and  22.4  tig.  of  sodium  nitrite  in  4 ml.  of  i;ator  and  0 ml.  of  dioxane, 
enl  stirring  the  solution  at  room  temperature  for  10  hours.  Tlis  solution  vas 
cooled  with  ice,  made  basic  by  addition  of  sodium  hydroxide,  and  extracted 
with  benzene.  The  alloilino  aqueous  solution  was  acidificl  with  hydrocliloric 
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acld^  and  extracted  with  tvo  20-ml.  portions  of  ether*  Tlie  extracts  vero 

dried  over  sodium  sulfate,  concentrated,  and  the  residue  voo  crystallized  from 

hexane,  yielding  SO  mg.  (35^)  of  tho  acid  VII,  m.p.  iuid  mixed  m.p.  with  an 
2 „ 

authentic  sample,  50. 9-59* 9 • 

8.4.6-  (or  2*h,7»)CycloSctatrlenylldeneacetonltrlle  (VIII  or 
IX).  - A solution  of  0.68  g.  of  the  nitrile  III  in  10  ml,  of  freshly  dis- 
tilled trlethylamlne  vas  heated  under  reflux  In  a nitrogen  atmosphere  for  70 
hours.  The  solution  vaa  cooled,  diluted  with  20  ml.  of  ether,  and  extracted 
vith  four  25^.  portions  of  yft  hydrochloric  acid  at  0*.  Tho  ether  solution 
VU3  dried  over  sodium  sulfate,  coxicentrated  under  reduced  iressure,  and  the 

residua  vaa  fractionated  throu{^  a senimicro  coltmn.  The  yield  of  the 

25 

Isor.oric  nitrile  VIII  or  IX  vas  0.59  g.  b.p,  79*  (0.3  mm»),  n^  1,6235- 

I.C255.  Vu  analytical  saisplo  had  h.p,  79®  (0*3  era.),  I.6255,  d^  1.0226, 
X 242.5  ajx  (log  £,  4.31),  X nax.^  314  m>c(loc  £-  4.00)  in  95^  ethanol. 

Anal.  Calcd.  for  CioHoW:  C,  03.83;  H,  6.34;  K,  9*70. 

Founi;  C,  83*95]  H,  6,38;  N,  9»83. 

The  Iconcric  nitrile  VIII  or  DC  with  an  infrared  spectrum 
essentially  identical  with  tho  spectrum  of  the  sampio  descrltcd  above  also 
obtained  by  shaking  tho  nitrile  III  with  20j6  sodium  hydroxide  at  room 
teopersitura  for  55  hours. 

2.4.6- (or  2,4*7-)Cyclooctatrlenylldenoacetenlde  (X  or  XI).  - 
The  nitrile  VIII  or  DC  was  treated  with  hydrogen  peroxide  In  alkaline  aqueous 
acetone  \mder  the  conditions  described  for  conversion  of  IH  to  IV.  The 
extract  of  the  amide  Tras  concentrated  at  a low  temperature  in  a nitrogen 
atmosphere  to  ovoid  decomposition  and  the  product  vaa  purified  by  sublimation 
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ct  0.1  u:a.  \ritb.  a hcatlns  blocK  tccpcratuixi  of  120-lpO'.  Tlio  rather  uaetablo 
cueido  X or  XI  wao  icolatod  as  I’ollov  crj'otals,  u.p.  9'J-53'’  (doc.),  in  a yield 
of  0.11  G.  (52^j).  An  analytical  aanple  prepared  by  recublireation  or-d 
crystallization  from  a mixture  of  benzene  and  50-60“  jsetroleum  other  had  m.p. 
59-100  (dec.);  \ max.  243  (lo3  £.4.32),  5l4  (log  £-  5.5,') 

la  95'^  ethanol. 

Anal.  Calcd.  for  CioHnNO:  Cy  74.50;  H,  6.88;  N,  O.69. 

Found:  C,  74.45;  H,  7.05;  N,  8.55. 


Cam’>ridGe,  llaasachuGotta 
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Fig.  1.  - Znfrarad  absorption  soactra:  curve  1,  cyclooctatetraenylacetonltrila  (III)) 

curve  2,  2,4,6-(or  2,U,7-)cyclooctatrlenylldaneacotonltrlle  (VIU  or  DC),  both 
08  pure  llqulda  In  a 0.02?-om.  cell. 
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